A novel myxobacterium, strain MSr11462
In our natural product screening program we have a focus on myxobacteria, which are known to be very potent producers of secondary metabolites [1, 2] and here especially antibiotics [3] . Members of the order Myxococcales within the class Deltaproteobacteria show a number of very special cell differentiation stages, like the formation of fruiting bodies and myxospores [4] [5] [6] [7] [8] [9] . They can be found in a wide range of environmental sources around the globe like in plant-root-associated soil [10, 11] . For the taxonomic characterization of members within the order Myxococcales we used a polyphasic approach combining phenotypic and genotypic markers. With these methods we analysed the novel isolate MSr11462
T and propose that it is a representative of a novel species within the genus Racemicystis.
Strain MSr11462
T was isolated in 2015 from a sand sample collected from Kish Island beach, Persian Gulf, Iran. Kish is located in the Persian Gulf 19 km (12 miles) from mainland Iran. Kish's climate is considered to be a very dry, semiequatorial climate. For an 8-year span of time, the median annual rainfall in Kish has been 145 mm (54 % in winter, 28 % in autumn and 14 % in summer) and the annual temperature 26.6 C (79.9 F). The relative atmospheric humidity in Kish makes it like a sea island except in cold seasons. The humidity is about 60 % most of the year. The island's surface is flat, lacking mountains or even high hills. Kish is under the sway of the semi-equatorial climate dominating this band of vegetation. Kish Island has the most sunny hours in the region, which is roughly 3100 h a year. Based on climatological classification and general weather conditions, nearness to the Tropic of Cancer, exposure to high tropical pressure systems and being in the midst of hot and shallow waters, the island tends to be hot and humid most of the year. The sandy sample was placed on sterile filter paper (2Â1 cm) overlaid on mineral salt agar ST21 [12] . Pure culture was obtained by repeated transfer of the swarm edge onto fresh mineral salt agar. The pure strain was routinely cultivated and cryopreserved in water ampoules. Phenotypic growth stages were studied and documented after cultivation of the strain on buffered VY/2 and CY agar [13] .
Swarming colonies and fruiting bodies on agar plates were studied and photographed using a stereomicroscope (Olympus SZX12), while vegetative cells and myxospores were observed by phase-contrast microscopy (Zeiss AX10), photographed using an Axiocam MRC (Zeiss) camera and further analysed by using the AxioVision LE software.
Gram-staining of vegetative cells was done by using the method of Gerhardt et al. [14] . For the characterization of enzyme activities the API ZYM strips (bioM erieux) were used. Inoculation was carried out in supplemented VY/2 medium [80 % VY/2, 10 % CY (per litre: 3 g casitone, 1 g yeast extract, 1 g CaCl 2 , 11.8 g HEPES), 10 % S-medium (per litre: 4 g soymeal, 2 g glucose, 2 g starch, 1 g CaCl 2 , 1 g MgSO 4 , 11.8 g HEPES, 8 mg Fe-EDTA), vitamin B 12 (1 ml l À1 stock solution) and vitamin solution (1 ml l
À1
) based on that of Drews [15] . The culture was diluted in sterile water and incubated for 24 h at 30 and 37 C according to the instructions of the manufacturer.
The temperature tolerance of the novel strain was determined on modified VY/2 agar (see above) at, 20, 30, 37 and 44 C, while pH tolerance was assessed at pH 5.0-9.0 at intervals of 1.0 pH unit in modified VY/2 agar. Antibiotic resistance testing of the strain was also performed on modified VY/2 agar. The final concentration of antibiotics was maintained at 50 µg ml
. The antibiotics used were ampicillin, hygromycin B, kanamycin (all from Roth), bacitracin, cephalosporin, fusidic acid, oxytetracycline, polymyxin, spectinomycin, oxytetracycline (all from Sigma), trimethoprim, chloramphenicol and thiostrepton (Sigma-Aldrich). All antibiotics were filter-sterilized before adding to autoclaved media that had cooled down to 55 C.
Cellular fatty acid extraction was done by the fatty acid methyl ester (FAME) method [16] . The strain was cultivated in 50 ml M medium (per litre: 10 g soy peptone, 10 g maltose, 1 g CaCl 2 , 1 g MgSO 4 , 11.9 g HEPES, 80 mg Fe-EDTA, pH 7.2) at 30 C and 180 r.p.m. for 5 days. GC-MS analysis and identification of fatty acids was performed according to the methods of Gemperlein et al. [17] . The DNA G+C content of the novel bacterium was determined by HPLC after nuclease P1 digestion of the genomic DNA [18, 19] .
Another marker for the phylogenetic description using the ribosomes of the bacteria is the analysis of the ribosomal proteins with the help of matrix-assisted laser-desorption/ionization time-of-flight (MALDI-TOF) spectroscopy. Sample preparation was carried out according to the ethanol/ formic acid extraction protocol (Protocol 3) as described by Schumann and Maier [20] : about 10 mg of biomass from a liquid culture (cultivated in supplemented VY/2 medium at 30 C for 7 days) was suspended in 300 µl H 2 O and homogenized carefully. Afterwards, 900 µl ethanol was added to the suspension. The cells were collected after a centrifugation step (15 000 g, 15 min) and suspended in 8050 µl formic acid (70 %, v/v). After the addition of 8050 µl acetonitrile, the suspension was mixed and centrifuged. The supernatant was removed immediately, and aliquots of 1.5 µl were placed on each spot of a stainless-steel target plate. After air drying, 1.5 µl of matrix solution (10 mg ml À1 saturated solution of a-cyanohydroxycinnaminic acid in 50 % aqueous acetonitrile containing 2.5 % trifluoroacetic acid) per spot was added. The MALDI-TOF MS was conducted using an Ultraflex-IIIMicroflex L20 mass spectrometer (Bruker Daltonics) with a Nd: YAG-laser N2 laser unit. The spectra were measured in linear positive mode, and the acceleration voltage was 20 kV. In sum, a spectrum was collected out of 20 050 shots across a spot. To analyse the data, a mass range of 2000-20 000 m/z was observed. For internal calibration, the Bacterial Test Standard #255343 (Bruker Daltonics) was used.
Using the Flexanalysis software (version 3.43, Bruker Daltonics), the MALDI-TOF MS spectra were smoothed, baselinecorrected and re-calibrated. A score-orientated dendrogram was calculated by using the BioTyper software (version 3.1, Bruker Daltonics).
Genomic DNA was extracted from an actively growing culture taken from M medium by following the standard protocol for Gram-negative bacteria using the commercial Qiagen Puregene Core Kit A. The gene coding for 16S rRNA was amplified using the universal forward primer 5¢-GAGTTTGATCCTGGCTCAGGA-3¢ and reverse primer 5¢-AAGGAGGTGATCCAGCCGCA-3¢ [21] . The PCR product of the 16S rRNA gene amplified was purified using a NucleoSpin PCR clean-up kit (Macherey Nagel). The purity of the product was analysed by agarose gel electrophoresis [0.8 % agarose (w/v), 95 V, 35 min], and the rRNA fragments were sequenced using the Sanger-method. Alignment of the 16S rRNA gene sequence of the strain was performed using the Cap contig assembly function of the BioEdit Sequence Alignment Editor version 7.1.3.0 software [22] . The final 16S rRNA gene sequence of strain MSr11462 T had a length of 1505 nucleotides spanning gene termini 30 to 1521 according to the numbering of the rrnB of Escherichia coli according to Brosius et al. [23] . A first phylogenetic identification was done by BLAST analysis in EzTaxon-e [24] , which showed highest 16S rRNA gene sequence similarity (96.7 %) to the type strain of Byssovorax cruenta (AJ833647). Detailed phylogenetic analysis was then performed in ARB release 5.2 [25] . The 16S rRNA gene sequence of strain MSr11462
T was aligned with SINA version v1.2.11 [26] according to the SILVA seed alignment (www. arb-silva.de; [27] ) and added into the 'All-Species Living Tree' Project (LTP; [28] ) database release s123 (November 2015). 16S rRNA gene sequences of novel species of the order Myxococcales proposed in the last year were also added into the database by exporting the sequences from the SSUr126 SILVA database and implementing them into the LTP database. The alignment of the 16S rRNA gene sequences including all myxobacteria type strains and the genus Geobacter as an outgroup was checked manually including the secondary structure information of the 16S rRNA. Phylogenetic trees were reconstructed with the maximum-likelihood method using both RAxML v7.04 [29] with GTR-GAMMA and rapid bootstrap analysis and PhyML (without bootstrap analysis), the neighbour-joining method (ARB neighbour-joining) with the Jukes-Cantor correction [30] and the maximum-parsimony method using DNAPARS v. 3.6 [31] . All trees were based on 100 re-samplings (bootstrap analysis [32] ) and 16S rRNA gene sequences between positions 60 to 1474 nt (according to Escherichia coli numbering [23] ). The phylogenetic trees were checked for consistency, and nodes which were conserved in the maximum-parsimony and maximum-likelihood trees were marked by circles in the RAxML tree (Fig. 1) . Pairwise sequence similarities were determined with the ARB neighbour-joining tool without considering an evolutionary model.
Strain MSr11462
T formed a distinct cluster (suborder Sorangiineae, family Polyangiaceae) with Racemicystis crocea MSr9521 T [33] . The cluster was supported by a bootstrap value of 100 % (Fig. 1) The genomic similarity of strain MSr11462
T and R. crocea MSr9521 T was further compared by DNA-DNA hybridization (DDH). Genomic DNA of the two strains was therefore extracted with a DNA extraction method optimized for the DNA extraction from myxobacterial species based on the CTAB (cetyltrimethylammonium bromide) procedure of Kieser et al. [34] . The DNA extraction included two pretreatment steps, lysozyme treatment with 100 mg lysozyme solution ml À1 [in TE buffer (10mM Tris/HCl, 1mM EDTA), pH 8.0] at 37 C for 30 min, and 30 min proteinase K treatment (20 mg ml À1 in Tris buffer) together with 20 % SDS solution at 37 C. The sample was then mixed with 5 M NaCl and CTAB solution, followed by an extraction with chloroform/isoamyl alcohol (24 : 1, v/v) and all other steps as described by Kieser et al. [34] .
DDH experiments were performed according to the method of Ziemke et al. [35] (except that for nick translation 2 µg of DNA was labelled during 3 h of incubation at 15 C). Strain MSr11462 T and R. crocea MSr9521 T shared a DNA relatedness of 48 % (reciprocal, 53 %), indicating clear distinction of the two strains into separated species.
The novel bacterium was Gram-negative staining, and Congo red was not absorbed by the swarms. Based on the API ZYM enzyme activity test, alkaline phosphatase, C4 esterase, C8 esterase lipase, C14 lipase, leucine arylamidase, valine arylamidase, cystine arylamidase, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-glucosidase and b-glucosidase showed positive reactions while trypsin, a-galactosidase, b-galactosidase, b-glucuronidase, N-acetyl-b-glucosa minidase, a-mannosidase and a-fucosidase exhibited negative T within the family Polyangiaceae within the suborder Sorangiineae, order Myxococcales. The tree was generated in ARB using DNAPARS v. 3.6 and 16S rRNA gene sequences including gene termini 60 to 1474 according to Brosius et al. [23] . GenBank accession numbers are shown in parentheses. Values at branch points indicate bootstrap support as percentages based on 100 re-samplings. Only bootstrap values >70 % are shown. Filled circles mark branch points which are stable among the different treeing methods applied. Larger circles mark branch points supported by high (>70 %) bootstrap values. Type strains of species of the family Nannocystaceae (order Myxococcales suborder Nannocystineae), were used to root the tree. Bar, 0.1 substitutions per nucleotide position.
results. The activity of cystine arylamidase and trypsin differed from that of the type strain R. crocea MSr9521 T . The best growth was observed at 37 C, while minimal growth was observed at 18 C. The novel strain showed pH tolerance from pH 5.0 to pH 7.0, but optimal growth was found at pH 5.0.
The best growth of the strain occurred on a medium containing 80 % VY/2, 10 % CY, 10 % S-medium, vitamin solution and additional vitamin B 12 . Growth also occurred on CY medium (80 %), VY/2 (10 %), S-medium (10 %); vitamin solution and additional vitamin B 12 , but not on media CY, H, E or K [36] .
The major cellular fatty acids of the novel myxobacterium with nearly 5 % or more of the total were iso-C 15 : 0 , C 16 : 0 , iso-C 17 : 0 , C 18 : 1 , iso-C 17 : 1 2-OH, C 18 : 1 2-OH, iso-C 15 : 0 OAG (O-alkylglycerol) and C 16 : 1 OAG ( Table 1 ). The main differences from R. crocea MSr9521
T were the absence of the fatty acid C 17:1 2-OH in our strain and the significantly higher amount of iso-C 17 : 0 . The comparison was carried out with extracts from identical growth phases and with media which did not influence the fatty acid pattern.
The MALDI TOF MS analysis showed that strain MSr11462
T clusters in a clear branch together with the type strain R. crocea MSr9521 T , separate from the main branch containing members of the genera Chondromyces, Aetherobacter, Jahnella and Kofleria (Fig. 2) .
Genotypic data including 16S rRNA gene sequence with 98.6 % homology to R. crocea MSr9521 T ( Fig. 1) and DDH (48 %/53 %) as well as chemo-and phenotypic data indicate the assignment of strain MSr11462
T to the genus Racemicystis, highly similar but distinct to R. crocea MSr9521 T . Strain MSr11462
T is therefore designated as the type strain of a novel species of the genus Racemicystis, Racemicystis persica.
DESCRIPTION OF RACEMICYSTIS PERSICA SP. NOV.
Racemicystis persica (per¢si.ca. L. fem. adj. persica Persian, from the region, where the organism was isolated from soil).
Vegetative cells are rod shaped with mean size of 1.2-3.0Â3.0-12.0 µm (Fig. 3c) . Swarm colonies vary from orange to beige in colour. Cell aggregates and fruiting-like 
